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Advances of Asymmetric Synthesis Combining of Gold and
Chiral Phosphoric Acid Catalysts

Zhu, Xiaoyu Yang, Shilin Luo, Yiming Li, Wenze*
(Liaoning Key Laboratory of Rare Earth Chemistry and Application, Shenyang University of Chemical Technology,
Shenyang 110142)

Abstract Homogeneous gold catalysis has developed rapidly and made great progress in recent years, however, the linear
structure of Au(I) complexes and the instability of Au(IIl) organic complexes limit their application in many asymmetric
catalytic reactions. Combining gold with organic small molecules as cocatalysts may promote complementary advantages and
greatly expand the application scope of asymmetric gold catalysis. Chiral phosphoric acid is a kind of bifunctional organic
catalyst with novel structure. Combining chiral phosphoric acids with transition metals can catalyze many new reactions that
are difficult to realize with a single catalyst. The asymmetric reactions catalyzed by gold and chiral phosphoric acid are
summarized from three aspects, including counter anion directed catalysis, cooperative catalysis and relay catalysis, as well as

the latest research progress and development prospects are also discussed.
Keywords gold catalysis; chiral phosphoric acid; anion directed catalysis; cooperative catalysis; relay catalysis
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N-S460 10 KAEEAINSAF 2] Au REFEE V 2 )5,
%f:xﬁ:%})#%tﬂiﬁ o1 S HUIN RS ORI 2 5 B AL,

B AAR VI /3200 VIL, #257E SPA fiEfL T
%#H%Jzé\f‘zﬁiﬁ’ﬂzﬂﬁiiﬁz G35 1 [3 4 2138 I B
b I PERS TS-2 A2 Al 241 SR 13.

3 FHHBRNTESBRENEL

2009 4, FEFAH/DNAPHRGE TR &OMELT 5T
WENAL T, Bronsted BRE/LIT) Hantzsch BHEFEE
A (HEH) 25 A2 >R 10 £ 6 SN, DAAR B 1R 7= 2R FIOGT B ik
FEMA T YA SR AT A Y (Scheme 19). 1E & @ T
X P SIRBG 1 B T STAR IR BRI A4 i) RUE T R, 14
S SAEAE PR W1 Scheme 19 BTz, & 26 7E Au(DBC ST

AT, 2-THREE R G AT AW R A 5y F N A AL 1S 2
L4- & EmR e (AR 1, BE 7R F IR EH T =
WA 3,4- A EMRES T A aMA 1D, f 4% Hantzsch fg it
Jir A5 30 e 2 1 1 U S e

[F A, S35 B/ B[R] %) BB B R B FH T i Xed
Mok BV S T g b, DA RREUAR I 05 A AN
HONJEYD, RN 98%, ee 1t =i N 96% (Scheme 20).
T AR R RO, A R T T R M A R4 B
T TR AR AR, WS BA L B A R, IR AL
%Uﬁﬁﬁﬁﬁilﬁ%%ﬁcﬁ%ﬁiﬁk Au(l)/FHERERR Eh. B T4%
Hl LG S5 R, EFHEH T Wl Scheme 21 Fras i B
B Au(DfEA BRI SR AE TR 2 5, TR S TP
PR TE 1l -t i (144, #2236 4 Hantzsch R J5 AR BTt

N S EtO,C CO2Et  Ph;PAUCH; (5 mol%) S
@(\m . /\(I 14 (15 mol%) \// ] Ar
2 N° 'R .
R2 NH, H toluene, 25°C, 16 h R H OO Ar: M
Au(l) 3 B*-H catalyzed ] HEH 0-pz0 O
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Au(l X
| S \\\ u(l) hydroamination | N | B*-H |/ N Ar
1 AF 1 AN R .
A\ R R? N" R R? N™ R B*-H 14
R2 2 | g—H
up to 99% yield

up to > 99% ee

BIR 19 SO T N E R/ TR 4 1) HEH [
Scheme 19  Intramolecular hydroamination (Au')/stereocontrolled HEH (CPA) cascade

R’ !
RINH, + RZ—— 3 HN i EtO,C CO,Et
—NH, — !
RY = anvi ('Bu),(o-diphenyl)PALOTF (1 ~ 2 mol%) R% “CH, i IN\/'(
R2 = aryl alkvl. alkenvi (S)-TRIP (5 ~ 10 mol%) up to 98% yield ! H
ryl, alkyl, Y 5AMS, benzene, 40 ~ 60 ‘C up to 96% ee ! 3

BR 20 SOMELKID T NER/ T IERER ALK HEH 815 R R

Scheme 20 Consecutive intramolecular hydroamination (Au') and stereocontrolled HEH (CPA)
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Scheme 21 Proposed relay catalytic mechanism
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2009 4E, Dixon 250351 4 (1) AN F- 1 Wi R S 7] i1 S
BT OB R ) 38 5 M) AL /Friedel-Crafts &5 BE 2 B
(Scheme 22). {EEHEN [ R A, Au(l) B SefEtb i
TR R IR T A = R IR E N TR, SR TR T R A AL
NSRRI SN, PR A A M ) S IR
WRATAYD, 15385 96% M7= % 1 95% ee. TEZERIENL
B, S RN TV R AT R T 2 — 2P IS 5E B R
NS .

2010 5, 2B/ NHPHRIE T JohnPhosAuMe A1 F
PEBERR(R)-16 2 AL A R E T AEDINB K, ee
H1(>99%) (Scheme 23), 1E 2 HEW A GE ) S S HLER Gl
Scheme 23 iz, 2-RNSEFNG & L AEE4E & 77 LT
Jiiz, SRIG ARG —40 C R AL Povarov N1 3P

A EEMATAEY), BEA AuD)E SV T R A0
THEARKEHEARILEY. P NMR 4 1 #87x
JohnPhosAuMe 5 T VEBE R 7E 2 I T BeBRsHh & A2 SO,
B LB B TBUR L 5 Au()RCAr A i v 5 s 1
PEWRIR & R AL ENE AL M. (HAE—40 C Fizi bR

MESER. AE I
7 Povarov M.

2011 4F, ZERAE/NHBHRIE 7 OREEAINY N ERAE
(DT PEBERRH: 1AL T A S AR R M R L,
e SR BV LG B TS A RS AH Q0 2k 0 1R Y
R (Scheme 24). VEF @ — Ry FEH| L5,
Wi s B B S8t Au(D A IR BE 431 P9 & e S8 Ak S BE
RBIEIERE 2 J5, v REAE FVERERR ) ) R A2 i 1)
& 1, WATRES TR S A5G b AR 1L, #5570
A RS T A IV 507 Py 8 & A2 0 Y. (Scheme
25). RPAT LAY R BRI, ee fH R BEA TR %L
YRR T 1 B R 4 R 0% /= CHE AL P A T AR s 1 Tk 1)
IORR R, 4K & T 1 B B8 Sfe 42 il s 8L 1) ST Ak ik 4%
PE.

2012 4, FEUAE/NHPSIDLG (1) F ML e S
WARZR, SEILT 2-(3- T Jfi-1-Bedd) AR IR i 5 25 IR 1
TN ARSI /Diels-Alder 5N, A% = E RE
VR EWIRAE T — %A T R A ISR, 7
171 A I8 2] 98%, ee fi =149 96% (Scheme 26). ARFRATAY)

T SR A8 IR SE T PERE IR A AL M AL

0]
CO,H AuCIPPh; (0.5 mol%) N N
AgOTf (0.5 mol%) R TN
/ toluene, rt., 1h Z =N R! SiPh,
H
R1 then 150 and (R)-TPS-BPA: (10 mol%) up to 96% yleld OO
80 °C, 24 h then 110 °C, 24 h Up to 95% ee 0. .0
Au(l)| Cycloisomerization O/P\OH
N NH, Tautomerizaion
R2-L A\ Friedel-Crafts _
o Z~N 0 SiPh
Hog N (R)-TPS-BPA
o] R2-L- TR
S Pz
N
R H
B 22 W RAT VAR B G AL
Scheme 22 Enantioselectlve synthesis of polycyclic indole derivatives
o, 10 A
AN S CbzHN (1) 15 mol% (R)-16 R'-+ \
R SSNL) & R*-CHO + | 10 mol% JohnphosAuMe SN R2
ZSNH, R -40 °C, 12 h; then, rt,, 12 h
W 53
BEH (2) AcOH/NaBH(OAc), CbzHN R
up to 72% yield
H,O up to > 99% ee
NI AN S\ NHebz
LA® H,_R?
N~ B Organocatalytic
l [4+2] cyclization
R® CbzHN" CbzHN"

t-Bu<
O “AuMe
O OH

JohnPhosAuMe

Ar B*-H
(R)-16, Ar = 9-anthracenyl

B 23 AIEFERTEMRI AR FR A L

Scheme 23 Enantioselective synthesis of julolidine derivatives
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R/\_: Ar N
OMe
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RT = -
SEAVAN OMe | F-Pr Q O
up to 99% yield OMe Fr-i

up to 87:13 dr
up to 95% ee

OMe

B 24 HRESIME TR ST BRI SR AZ N L
Scheme 24  Addition of azlactones triggered by cyclization of alkynols
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Scheme 25 Proposed catalytic mechanism
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FZ O‘ B*-H (10 or 15 mol%)
AN +
R3+ oH PhF, r.t.
Zsi; o R
R* R
R =Ph, Me

CCr”
O. -0
e

Ar
B*-H, Ar = 1-pyrenyl

HTf

up to 98% yiled
up to 96% ee

BR 26 &JE/APLEIMEKIRIML SIS R

Scheme 26 Metal/organo relay catalysis for synthesis of polycyclic compounds

WA AR N R 1SR U AR, 45 R AT 1 72 56 (69% ~
82Y%) ML F5 1 ee (93%~96%). iZ/INH 3t x J 1) -1 fl
T e PR A TR AL E AN K R B R 2 T HE AR R AR 7).

2012 4F, Beller 50K i | R v ) B 234 )5 ek
WHTTE, BET AuE IS — R SR
N LAK Fe (&5 F BRI RMIRWIEGER, %
N BEEU H, fERNERIRA, R TEurtEm, s K
U, JRPEE T, Bl LL 96% P F . 94% ee 153
— R Tk R (Scheme 27).

2012 4, Patil NHFOHRIE T 2-Fdt ok S 5 2-2
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(1) 18 (1 mol%), rt., 16 h

(2) (R)-TRIP (2 mol%), 19 (5 mol%)
5000 kPa H,, toluene, 65 ‘C, 24 h

RI—== + HN-R?

R' = alkyl, aryl
R? = aryl, heteroaryl

up to 96% yield
up to 94% ee
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HN /Bu

- K -Au I Tms

R1/\ \IB W e\

u oc { Sy

< :
18

19 Knélker's complex

B 27 R R R Al S

Scheme 27 Reductive hydroamination of terminal alkynes
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oK Ik AR FYERERR (S)-16 ATAEFE PPhsPAuMe
JHER T A& BT 1,2- A AT ey, Rmfssl
95%[1I 7= 3 LA K 98%ff] ee (Scheme 28).

;
REN
R? PhsPAuMe (2 or 5mol%) \—/ \ R2
*_ _ 0
N e NN
R'— ,2-dichloroethane HN
' 0 0°C ~rt. 7\
0 =R
R2? | upto 95% yield
Z up to 98% ee
rRC T H
A N| 7 Aug)
I-LIN\HJ;S:
o]

B 28  1,2- S FHEMRBHER PSS FRE K
Scheme 28 Enantioselective synthesis of fused 1,2-dihydroiso-
quinolines

2012 4, SCEBPNAMIRE G0/ T PERERR U R AL
TR R BT T 2- K TP B B 2- S R R 5 07 B e —
WA ERIRSONL, ELARIE R T — R 2-HL

(1) Au(l) (2 mol%), 5A MS R%2—-
benzene, 60 ‘C, 5~ 36 h Z

ARV MR DA S B 2=k RO/ 2,3-1 2,4- 804K
VY S MK AT 4 Y0 (Scheme 29). 1EEH W T 7240
PR STARAR 2 25 RE0) FLAE PTE PR ), HR s T IX A
TP I DU ST 25 0t v 1 8 R T .

2013 4F, 3K1R B/NHMHRIE T AuCl(JohnPhos)FII T
PEBEER(R)-16 % J11H4LHY) redox-pinaco-Mannich & ¢ %
N, DLRR A B 7 2R (63% ~ 95%) AT S 116 o) ik i 4%
P£(84%~98%) A ik | — R A FE p-Z BRI —HfiT A4
¥J(Scheme 30). fEiZXMNH, Hie Au)BELDTFN
MEERR R el REh A 1, B KA 500
B B HEA B p-BEE 1, fEFMEREER MBI T I R4
Mannich M5 %] H bxr=4).

2013 4, FEMA/NASBHRIE T £(OEA Y Bron-
sted FRA% AL I AL A /SR SR AR R S B, 24 R AT
ETHEBER(R)-TRIP I, B8 LA = >99%] ee [H 152
e B AE B e 46 1% 25 7 P91 (Scheme 31). AF 5 HEIi%
SNZET Au(D)HE A B AR i e I A& 46 L K. Bron-
sted FRUEHEN 1,5-20E R DIFE, gl — AN
PR BFRR 1) e e

CHO
N R1
RZ_:Q: ¥ ®;
NH, —

(1) Au(l) (3 mol%), 5A MS X

(2) hantzsch ester 3 (2.5 equiv)
20a (3 mol%), 60 C, 14 ~60 h

up to 97% yield
up to >99% ee

CHO 1 P
X R
RS-O: s 0 =—re benzene, 60 © ZONT N
A\, _ (2) EtsN (4 mol%), 20b (3 mol%) H | R

hantzsch ester 3 (2.5 equiv.)

60 C,24~48h

up to 96% yield
up to >20:1 dr
up to 97% ee

R2
(1) Au(l) (3 mol%), 5A MS N
R3 o 0 1_@ _ benzene, 75 C R~
i + R =
= NH, — (2) hantzsch ester 3 (2.5 equiv.) H ©\

20c (3 mol%), 60 C, 24 ~ 48 h

Au(l): (‘Bu)y(o-diphenyl)PAu(CH 3CN)SbFg

Co”
] O 0" “OH

Ar

20a: Ar =
O._.O
. O

20b: Ar = 2,4,6-Pr;CgH,

1
up to 98% yield R
up to > 20:1 dr

up to 94% ee

BK 29 PUEREMAT D AR R G K

Scheme 29 Enantioselective synthesis of tetrahydroquinoline derivatives
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AuCl(JohnPhos)] (5 mol%) NHG
AgSbFg (5 mol%) N R
B*H (R)-16 (10 mol%) | _g?
4A MS, rt. R3/ 7
toluene 00

up to 98% ee

Mannich‘

© H®
B "NG

BR300/ FHERERR AL redox-pinacol-Mannich %
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Scheme 30 Au(I)/CPA relay catalytic redox-pinacol-Mannich

PPh3AuNTf2 (1.5 mol%)

[F4E, ZRIRAE DN AWK 5 (DS & 90 TV 5 2
PG AL FH T 7K « 05 T Rl AR B R B 1) — 20 73 e
N, SAHA B LA B R AR R SR AL T — SR TR R AL
HIHTE A (Scheme 32). VEEHENZ [ S IHLEE N, %G
JRIELE Au(D)FREAL S KA 5> 1 N R SN AE BT B )
Tk X, [ 2R AN K B T E T VRS R (0 fi A R B AL AR
B % 85106 1, #2365 15 11 & 4E Mannich 28BS (1%,
NS EEE LI EIEZNE | | == k] R S xt b
7 IR IRAA T R AL S ).

2013 4F, Fafiana$ fl Rodriguez Z54HRIE T 240 =
Moy I i, BRI 7. LEBRAE JohnPhos-
AuMe MIFHBERCAMAT, mre2Z. mrpukst
H 5 BT BRI A SR A W) (Scheme 33).

reaction

21a:R = H OCHs

21b: R = 3-F

21c: R=4-F AU
o
B*H. @

PMP .
X
D H

. PMP

R R |
. B*-H
O @\H
v N

toluene, 80 'C

TRIP 200 mol%) RL
oy

22a: 61% yield, dr 63/37, 97%/99% ee
22b: 49% yield, dr > 95/5, 99%/99% ee
22c: 44% yield, dr 63/37, 99%/95% ee

o
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Scheme 31 Au(I)/CPA relay catalysis for the synthesis of cyclic aminals

R! PPhzAuMe (5 mol%)
N X OH N ~OH  B*-H 23 (10 mol%)
N P 4A MS, 15 C
RN CHO 1 ,2,4-C|305H3
SiPh up to 97% yield
Au(l) | hydroxylation B*-H OO : > 2p5:1 dr, 5&%{% ee
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o HO Ar 0" "OH _@H ' = R
N B* A
© Q 0\ 7
=~ | .
+ .~ B* SiPh,
\ y RiL P B*-H 23
77 [ OH y " NHAr
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Scheme 32 Hydroalkoxylation/Mannich-type/acetalizaion cascade

NHAr
JohnPhosAuMe (5 mol%) R
-H (R)-16 (5 mol%)
up to 99% yield
4f\olll\1/|e-sr{er-t‘ )n up to 5:1 dr

R up to 96% ee
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Scheme 33 Enantioselective synthesis of spiroacetals
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[F]4F, Dixon /INHUSEETHTH TAE, KJE T &)
TP T TR 2 0 A 1) 0 P S A /N T 2 I e P
FRIRIR L, fege . b G B A A TR ) T
PR 42 (Scheme 34). JCIRJEAY) 24 FIWIWEFE EEUAR
B2 W H T R AR R A H T R A, OB S AR R AT
B 23 I S 6 B0 IE 1 SN 1) SR B v ] 4k g g mﬁzﬁfl
TR 25 0 e 5 - M R B 8 T I B -0 1, T AN 2
5 Au(D)BC AL RV i 85 1. 12 s S i FH T 1| WA
BN ORI IE AR YD 25, DL 99% MUl
93%[1) ee 133! 5-N BE LML 5 ) (Scheme 35).

R R
,\\ 17 (0.5 ~ 1.0 mol%) |\\

B B*-H 23 (10 mol%) =

/ toluene/CH,Cly (V:V = 21:1) /
HN 20 h, 60 C HN S
HN =

s / s -0

o 5 up to 85% yield O
up to 96% ee
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“'spry

gy, ~Bu
‘p- Au NCMe

CE*CHO
O 17 N

ER 34 7T WEME A/ NI A AL, R IR 8
Scheme 34 Intramolecular hydroamination/N-sulfonyliminium
cyclization cascade

17 (1 mol%) R

T B-H23(10mol%) (|
= toluene 7 )
HN—7 20~72h,110 C HN N
HN up to 99% vyield, 93% ee (0]
25 ©

ER 35 J-MBERIIE R
Scheme 35 Application to J-lactam synthesis

2014 4, Rodriguez Fl1 Fafianas %51471LL AuMe-
(JohnPhos)MI(R)-TRIP AT, MDISEIL | by RE |
AN 75 R R RSN, DASRe R 98% I ee A 17Nk
MR [3,2-c]WEMBRATTAE I(Scheme 36). fF3& @I & 711t
SO0 NIV REAT TS, SRR WIFETIEBERR LT
2,3- SR 5 JRA AR B N-RFR g 2 [ 28k 1 i 4
#J Mannich/4)F W Fridel-Crafts < N JIFE.

2014 ¢, Patil ZEUSISCR (DA T PERERR LA (i
b, SEI T AL AT AR K 5 B i e 2 TR R R A A
DF AR SO, Toig et 2-Ar AR, 3-Ar AL 2
N-HURHI 77 #fiz, #RRE 5 MR 7 B ls 507 2 bR IR A A
SSE, DA A B S R AR S R R SR S T — R
Fl A 22T O B L AR 22 S AL S ) (Scheme 37). 1%
ST DATBOR 2 58 AL, 1515 BARALR) = A0 ee. 1
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Scheme 36 Enantioselective synthesis of hexahydrofuro[3,2-

c]quinolines
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(§<H2N

Ar'l RZ=Me, n=1,2

> [ ()\AH / ( R%2=Ar, n=1
(-

Ar'= 2 amlnophenyl R1 O la Me

R'=H, Me

(S)-TRIP (10 mol%)
DCE, -25 C orrt, 72 h

up to 90% vyield
up to 99% ee

R Arl ) JohnPhosAuMe (5 mol%)

R=H,n= 1,2
R=Ar,n=0

H,N

B 37 Pl AR R S A/ A5 FE A S
Scheme 37 Enantioselective hydroamination/hydroarylation of
alkynols

B S A DFT THE6 s AL T T3 9C,
gE RV PRI AR TIRIF =) ee HAERK
I, 4-T0b- 1B S A 7 AR 1 T PR R 4 e A R AR
S AN R AR AR Ta, Ta 555 & 1% R 75 ZAE(S)-TRIP
HIEAL S R AR OB

2015 4, Rexit ZFHIDURIEE B 26 )Y, Wit 4
(DAL 23T P At E AL A T IR BERR (S)-TRIP 3 S4AL
[PV RBAR AL R IS N, I AS BB RE P~ 27 Al 28,
P T R Ay [ IA E 94%, 1E#F BT "THNMR 43 #7#5 H
PR PRI L e LR 27 A, 27 1 ee il N
93% (Scheme 38).

2016 4, 5 /NHPMRIE T%(Iﬁu?réﬁ?&&m)
16 /AL S AL/ Michael h s B B S R, AR
>99% M= A 93% ee G — RIIGH WJ‘MH@B%‘:T@
R IR DU SR AR A AT A2 ) (Scheme  39). Rl 'H
NMR % [N FEAT 1 Wi, SIFsz 7 Sed i)y 1, R
B TIE P A DL 2 B k. X EE SRR SE T
I AR SRBE, e B4R BITE e BARF=4, A%
S ee {ELIE AT 5.
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LAuMe (0.5 mol%)
/- (S)-TRIP (5 mol%), 5 A MS

toluene, -20 C to r.t.

26 PhOH 27+28 up to 94% yleld
27 28: up to 5.6:1
27 up to 93% ee

Ar— N ~ N “Ar
L: Ar = 2,4,6-(CH3)3CgH>

B 38 BRAFTE AOANKS PR 15 R

Scheme 38 Enantioselective synthesis of spiroacetals
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B (D)JF LA B G R FE AN i 2 18] i) 2% SR 54 S, 7
THEBERRAE LA AN AT, Phftim >99% i
PLI 97%H] ee 13 2 — Z 41 y-Bi 2 6 (Scheme 40). {E 18
ARG LA DTF 5 OB HLEREAT 18 5%,
Wr Au() 5 ERIREEE K Au K5 Ta 50 Ib 2 )5, S5Hf%
BRGSO A O i R A T, T 5 R A T
T#, &l Au-JiliE A a'fq 303407 % A€ M
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KRR TR A O % 25 (Scheme 41). 1% NS
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N
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up to 93% ee

3 >PZ

[\ ’Pr
Pr Au Pr ‘
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NCMe 29 i
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Scheme 39 Enantioselective synthesis of tetrahydrocarbazole
derivatives
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+ o™ oH
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R' = Aryl

up to > 99% yield
up to 97% ee
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Si‘BuPh,

B*H 30 Pr-i XPhos

BRI 40 AR % 5 # S

Scheme 40 Enantioselective aza-ene-type reactions
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